DOCOIIEIT BESOHE 



) 

J. 



ED 159 033 



SB 024 849 



AUTHOR - 
TITLE 

INSTITUTION 

SPONS AGENCY 
POB DATE 
GRANT 
NOTE 



EDRS PRICE 
DPSCR^I PTORS 



Tinker^ Robervt F. ' 

Low Cost Graphics. Second Edilii^on. 

Technical Education Research Center, Cambridge, 

Mass. 

National Science Foundation, Washington, D.C. 

«y 78 y 
F-SEDr76-18872; NSF-SED-77-1 1 16 
45p. ; For related document , ^ee' SE 024 840; Contains 
occasional small, light and broken'^type 

M^^-$0.83 HC-$2.06 Plus Postage. 

CoHtput®^ Assisted Instruction; ♦Computer Graphics; 
♦^ducational Technology; ♦Educational Television;^ 
^.^nput Output Devices; Instmctional Media; Manuals; 
Science Education; ♦Television 



ABSTRACT 



a low- 
system 
form a 
The in 
from s 
air th 
it to 
cofafig 
to an 



co^t mea 
permits 
nd the i 
tegrated 
tandard 
e inform 
standard 
uration 
S-100 ba 



. This manual describes the CALM TV graphics interface, 
n^ of producing guality graphics on an ordinary TV. The 

the output of data in graphic as well as alphanumeric 
nput of data ftom the face of the using a light pen. 

circuits required in the interface can be obtained 
suppliers for under $200. Provided in this dc/cument is 
ation needed^ to construct this Interface and inte^rface 
outj)ut ports on any computer. One particular hardware 
is illustrated with the TV interface and is connected 
sed Z-80 system. (BB) ^. ^ 
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' PREFACE 

The CAL-M TV Graphics Interface proViides * low cost means of 

.V . ■. • \ 

"^roducirtg quality graphics oi4an ordinary TV. This documentation pro- 
vides all the information needed to construct this interface and inter- 
face it to standard output ports on anyf computer. One particular hard- 
ware configuration is illustrated with the TV/ interface and is connected 
■to' an S-100 based Z -80 system. Assembly level listings of ut'ility soft- 
ware are available in a comparison report: ^Low' Cost Graphics Software." 

Educators interested in building this interface can obtain the 
three printed circujt boards from our offices at cost. The integrated 
circuits ^-^ui red in interface can be obtained from^stancTard sup- 
pi iers for unrfeT^O. We would be pleased to assist educators^ that need 
help in constructing or interfacing graphics hai^lware.* 

.The results reported herein were partly supgorted by ^;J>fe^ational 
Scienge Foundation. Any opin/ons, findings, conclusions or recommendations 
expressed in this publication are those of the author and do not necessar- 
ily reflect the Views of the Nat'ional Science Foundatiah, nor the Techj^ical 



Education Research Centers, Inc. 
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TABLE I 
CALM TV GRAPHICS INTERFACE 
SPECIFICATIONS 



Resolution: 
. Acces'SJ time: 
Erase: 

Refresh Memory: 
4* Input: 
Power: 

Video Output: 
Output to Computer: 
Alphanumel^ics: 

Scroll : 



256 X 256 dot raster* 

1.7 psec to alter or read two dots ^ 

Single'^instruction^erases screen to light 
or dark in 17' ms^' ^ 

\ 

£uilt-in 8K bytes static RAM . 

19 TJL ^compatible lines 

5V at 2.2A . ^ 

Composite video. Noil-interlacecL^^ Separate* 
data, blank and s!ync lines are^rso available 

16 three state TTL tines indicating the light 
pen location, 6 TTL status lines. 

Software generated; Z-80 programs available 
that write at 1200 baud\/ 24 lines of 40 
characters. 

Hardware scroll up or down, One line at a 
time^ with wraparound .y^" 



• - • ■ The CALM TV Gr^f)hics -Interface ^ ^ 

A-,. • ■ ■ ■ ; 

INTRODUCTION , ' \ \ 

The CA]>1 TV grapKics interface permits the output of data in graphic, 

. as well as alphanumeric form,jr*on a common household TV and the input of 
data from the face of the TV using a Jight pen. With the appropriate ■ 
software Support, this interface can serve 'as the only input/output ^device 

* requirr^d for a small computer system. , . ' 

The CALM iHiterface was designed 'for education,,' although its features 
make it useful in a wide range of ^plications. For education applications 
it was felt absoluteij^ necessary to be able to have graphics capability at. 
the lowest possible price. The low cost and ready a^vailabil ity^of home 

TV's made that a natural choice for an output medium. Since 98% of all 

■ * ■ 

"'households -in the United States own a TV, this choice opens the possijDili- 
ties of continuing education a/id home study using computer assisted in- . 
struction. ' ' 

Once the choice was made' to iftilize a home TV, the resolution of the 
system was rather 'well defined. For various technical reasprrs ( bandwidth 
limitation in the IF stage and interface circuit difficulties), the*actual 
resolution of most home TV's corresponds to between 200 and 30^0 dots in 
both/the vertical and horizontal directions. Because 2&6 is a'very con- 
/enient number (it is 8 "bits or 2 tje^adecimal digits) we decided to divide 
the^reen* into a matrix with 256 dots in both thejvertical and horizontal) 
directions. 

> • - • '• . . ' ^ ' c i. 

The TV in^rface has a memory cell dedicated to each of the 256^ 

.possiJ)le dots bri the surf'ace of the TV. Each cell remembers whfether a 1 

■ - 

or -a 0 (corresponding to a light spot or a dark spot) should be displayed 
at the corresponding location on the surfacjs^ofl^he ,TV. The nnter'face has 



• the capability W examining or altering the contents erf any one these^ 
memory cells* Wi£h .this capabil ity, any pattern including letters and 
'graphs, cam be written' on the surface of the TV. . * ^ 



Light Pen Operation ' 

The contents of the memory in the interface is continually and auto- 
matically .being transferred to the TV so that a continudu? image is ob- . 
served on the^TV. As with^ny TV picture, the image is written one dot 
at\a time, starting ^in tlj^^njpper left hand, ozfrner and writing'left to right, 
one line at ^ time, /rom th6 tpp to the bolttom^bf the screen. While this 
happens quite quickly on a human time scale, it is moderately Slow for 
modern compbter'-circui try. Thus, when a 1 ight-seiisi tive element at'^the tip 
of th^ \ight pen senses the proximity of the electron beam' on the face of / 

the-TV, it interrogates tKe interface to determine the aJwress of , the cell'^v 

^ ■ ^ I 

then being written. This^ address is the coordinate of that point a^d is 

. - ■ . ^ ■ '. J 

made availalbe'as an output from, the interface. In this v«ly, the computer 

■ / 

can determine the coorSinate of the location of the light pen and use tKat 

'■■ • ■ ^ ■.■-■■■)■: " . ■ • / 

•informatidn as inpQ.t^data^ ' ^ '^Jj ^ " 

' ^ ■ p . , ■ / 



.Input Techniques ' , \ 

We plan to use the light pen as an extremely ver§atile/input medium, 
usiiig the technique of "menu selection." In this technique, the computer', 
displays two or more choices for the operator ■ to make and the student/ 
operator responds by fJ'ointing at the desired choice with a light pen. The 
power of the 1 ight\pe.n-TV combination can be seen through the following 

examples.^ . . 

' ' ^ • • * , ' ■ . 
■ : ^ypeyiter mode. It is possible to display the letters of the alpha- 
bet and control character^ on^the screen and then use" the light pen^to* 



.-■ ■ ' ■ ■ ., ;■• ■ ■ . 

. point' at the desired letters*. The designated letters '^en appear at the 
V- top 6f thre screen to create ^an 'alphanunieriQ message. While this procedure 
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-'^ may; not be quite as fast as a typewr^iter keyboard, students se1dopi1:an 

type quickly and, even • when they can,, there are few appl icJatTons when fast 

... ■ ' ^ { . / 

- typing ts important in instructfonaV u?es of the computer. This mode- dup- 
licftes the function of a keylDoard and hence, makes it urwiecessary to have, 
a spetfta-t keyboard, ' . v 

" Test admin-istration > It is possit)le -R) display ^^^^ 

^ question on thl TV screen and haye , the student potnt lit Vhe appropriate 

^ 1 ' X 

answer with 1/ight pen. We have designed an entins system for computer 

< managed instruction using this mode whicrfs because of\ the low term^inal cost,^ 

f is mucJv'tess e'xpensive than any other way of giving a large number of stu- 

dents a large number of different tests, ^ • ^ ^ 

' ' ' * • ' ' L ' ' ' ' 

Analog mode . It is possible to draw on the 'face of the TV, dne* or ' 

^more dials, which'tan ^& "rotated", by the light pen and used as analog ^ ^ 
'Vinput to. the wmputer. B^ter stilly a 1 inear poten^ometer ^an^-^e simu- 
lated in the 'same marther; 4J'^''S.''s attractive in simulation 'problems and 
gam.ing that require analog input. Again, there is a kfemendous cost- f 

' ' ' ' K ^ 

saving because each new simulation or game does not require a special piece . 

of hardware for ari input.' | " ^ > 

" . ^ . . ' - 

. - ^ X^ ■ ' , . • .. 

IJ^STRUCTIQN'S^AND USE ' w 

^ The TV graphics, interface communicates with th^ host*compL(±er through 

.16 input lines, 16 output lines and 11 othe'r control lines. The 16 lines 

\ ^- ^ ^ ' > ^ [ 

from the interface into the computer give the X and Y coordinates of • 

/ . ' . - ^ " A" 

the lie ^ pen. Whet^the stUdents^desire to si-g^^l the computer tHat t^ .'l 

light pen isJocated at the desired position, i»5'/life' pres^ses a^button which' \Jf 

forces BUTTON low, ^ ^ ; 
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. iThe computer can then read the' coordinates of thp pen from th&se 16 lines. ^ 
The computer^ commi|ni(;ates j^/ith the, TV graphics interface through 16 
dafta lines. These lines have four possible interpretations: 4 
l.^^^Thf^y can simply instruct the graphics terminal to 'clear 
, e^very^ne of the bits:? which' would resLn^^^ a totally 
/ black spreeh. ' ' • . 

21 They can instruct the interface to set everyone- of the 
J bits, resXrlting in a totally white screen. * " 

3. They can tell the interface that the next word on these : 
: ' 16 input lines represents the new X and Y coordinates of 

an internal cursor. • ' 

4. |/ they cart be used to instruct the graphics interface tO' 
('crawl" as defined below*. 




TheMl^rawl" instruction turns o,ut to be the. one most^ftfen used. To 
understand \xs operation, you have to real ize that fher/rissa cursor. in the. 
interface which remembers the address (X and Y coordinjUges^^-jol^r^^ of- the / 
dots on the surface of th% TV. A-single 8 bit craw>^"nstructi^^n ca^tises two^ 
things to happen: first, 'the interface may, but dd|s not h^ive to, set or V 
clear the bit at the location of the cursor^and ^en secondly, the cursor 
is m6ved tp one ^f the 8 adjacent dots. Si nce^ the- crawl instf'uction re- 
quires only 8 txits,.two crawl instructions can be loaded into the interface 
simultafieoilsly over the 16 1 jnes. ^ Bqth crawl instructions are executed 

^ ' ' -<ly ' ■ "■ 

" microsecond so that the interface is availalbe to accept the xie^t' 

.input as^ quickly as the computer can generate it. «i - ' 

The contents of thq memory nn t+re interface can be- accessed with .the. 
crawl instruction by no/ writing any new' . Information J n itlemory,. When not 
writing^ the contents of the memory .cells at the two ,focat ions of the cursor 



i 



at the end of each of thfe two xrawl instructions is|avai Table, on two ^ 
--Additional outt)ut 1 tlpes^f rom t1ie TV interface. ^ -^V ' ' ' 

..V Thte'reader wil 1. note that^there Is no provtsi^jn for the automatic 

ge^aerat'ion of chacacters i|jK^fne interface. aTi such generatiftn muH be 
^ ' done under software control. ^We tiave written programs for the LSHl and 
the Z-80 that will generate characters^ from an ASCLI input. 

The decision to dispense with a hardware character generator^ reflects 
" the, primary design phnlosaphy of extreme' low cost. In order to keep th^ cost 



down,, whenever there was a choice of accomplishing a particular function ^ith 
hardware or so'ftwaVe^' the, decision JWas made to eliminate the hardware, ^ This 



has the added bene 



^it of giving the .system increased.flexibilfy . 



T;He final; feature"\of the^inlerf^ce is i^ to "scroll." As part 

of t|he crawl instruction, ^i-1^is possiWe for the, entire contents of the , / 

^screen to move up or down- one ^line. When scrolling, the t^pijjg^st ^1 ine re- , 

* y 

appears' at the bottom. If this'lin^Ms then earsed, an 'effect similar to^- 
' the rolling of a platen on a typewriter .to exposfe freas- pap^ can obtained 

INPUT/OUTPUT L'IKeS ' Vl_^.-x ' " ' • 

The foTk^w^g sect\on -dfescH-bes all the electrical line s^e tween the TV 
\iryt^face Snd The host computer. The major 1 i.rie§' consist of.^ data lines 
Pp-D-i^ into the interfaje^and 16| 1 ines ■. Pq-P-is from the interface that re- . 
f l^ect 'the 1 jght pen .coordinates. Other l ines control the interface or its 



'.access to the computer. 
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INPUT, DATA , 



Input data word t)Q-Dyg 



pp code 



crawl , 



scroll 



crawl 



15 -.14 13 12' -11 



10 



8 



4 '".3 ■ 2 . -1 



0 . 



f^SB 



Y address MSB 
Fiyur^ T. Input data word, 



X address 



55^ 



A.^Jff ^Dj^ ^00 .then the interface is in Scrawl" mode.and the 

remaining bits have the fol Towing signTf4e^ce in the order pr^' 

..... ^ ■ ■ 

. sent^d-; n , . ' . 

1) " ScrolJ > if set, the screen is scrolled u^^one line if , 



if set, the screen- is scrolled down one line, t 
2. Crawl 1* this causes a^rite/a read then a move. ' 



V 



t - 



a) Write - at? the original cursor location, if memory is 
• to* be \changed (i.e., light or dark displayed) then'Dg 

should be set to one to enable^ a memory change and 
, dI should indicate' the pew dot intensity where 1 = set 
(^opposite of background) or O = clear, (same as back- 
'Aground) . 

b) *^Read(-^ , the, contents of the cell addressed by the currents - 

cursor value isVread and b^ought put iinverted on . 

c) Move - the cursor is^iiek.t moved one element in einy com- 
. pass direction after wryting by incrementing pr decrementing 
■ each byte separately. >Bits Dg-D^ indicate diredtion* 



(Unpredictable if 
used together)' 




Dq -indicates wesj^-fi^., left^ 

D-j indicate^^ast ( i .e. , rig 

' &2 ""^di^^V^^ south (i.e., down) 

£)^. indicates north (i.e., up). 

Dr, or.Q, (but not botb) can bexused with Do-or D- 
" (Hur"no^both). ■ • \, 1 ^ ^ 



12 



10 



J 

3- '.If \ IX^have the same significance as^'Dg --^5 to 



' create a second crawl instruction.. 
The crawl command structure is summarized in Figure 2 
^^Summa^ry of crawl op code: v ^' ^ 



15 


14 


13 


12 


11 


10 


9 


• 8 


7 


6 


5 


. 4 


3 


2^1 






Enable 


iJVi te 










Scrol 1 


Scroll 


Enable 


Wri te 








io 

1 
I 


0 " 


12 


I/O 


N 


S • 


£ " 


W 


Up 


Dwn 


4 


I/O 


N 


S 


E ' 



CrawL 



Crawl 



Fiqure 2. Crawl command word. 



B. ^ If D^^ D-j^ = 01 alj^ other bits are ignored and the screen is set^ to 

all rs (light). A busy signal if set = 0 while this, happens. The 
background is now^ 1 (light) so that normal ..crawling instructions with 
' bits. 13 and 12 set cause black on white patterns. ; 

C. If and D-j^ = 10 all other bits are i'gnored and the screen is set to 
all O's (Wank). A busy signal is s^t = 0 while this happens. Back- 
ground is set to 0 (dark) and white on black graphics can be generated. 

D. If D|g D^^ = 11 all other bits ar^ ignored and the next signal on 
^15 ""^ ^0 i'^dicates the new cursor address to be loaded into the 
graphics unit. No read or w^iteis performed at the new 1 ocatlon ;Wi th 
this instruction. A subsequent crawl instruction can write at this 
location before moving to the next location. The oHgin^of the X-Y 
corrdinates is in the lower left corner of the addressable screen. ^The 
X coordinate is in Dg 

' Dg — D^g with D^g th^ MSB. 



with the MSB. The Y coordinate is .in 
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EXAMPLES 

1. To; draw a diamond centered at X = J28, Y = 128 that looks like 
^ Figure 3. " ' 



1 



128, '128 Final 
]^bsition 
'Center Screen 



Figure 3. A diamond pattern 



Go to 127, 128 



Write a 1 
Crawl NE 
Write a 1 



Crawl' SE 



Write 
Crawl 
Write a 1 
Crawl H 



llxxxxxx 

1 0000000 



00110110 



sS^ % 0 0 



1 1 1 0 0 0 



X X X X X X X 

0 111111 



00111010 



0 0 1 10 10 1 



2. Go to 16iQ, 200^ Q change its contents and examine the bit 
in 16,201 



Rxanfiine &.don^t 
move 



llxxxxxx 

11001 0 00 



00000000 



Vrite and move 

M, Examine l6,201 0 0 0 .0 0 0 0 0 



X X X X X X X X 

0 0 0 1 0 0 0 0 



0 0000000 



inverted 
0 0 1 B-jO 0 0 0 contents of 

f l6,20l are on B, 




OTHER SIGNALS 

A. DATA VALID. A positive transition on this input to the graphics 
unit ind-kates that the input data on Dq'^IS v^d. The inter- 
face will- only then read these daja and perform the indicated 
.operation.^ ^ - 




VS.YMC. Active low signal indicating that tRe TV is^not writing 
because it is between picture scans. Th^rawl command results 
in ones or zeroes appearing bn the screens while memory is being 
changed. The interface remembers whether the TV was last cleared 
to O's (D^5D.i4 = 10) or to Ts (D^gD^^ = 01). To disrupt the' 
picture as- little as possible, this value i^ written out during 
the crawl write cycle. If even this disruption is undesirable, 
craWls should be performed only when SYNC is low indicating that 
the TV is blanked. 



C. BUSY. This signal is zero while the screen is being cleared to 
zeroes or ones. No DATA VALID signal will be accepted wFrile this 
is low. 

D. B-j , B^. Two bits which are set to the inverse of the contents of the 
screen locations reached at the end of each of^the two crawl in- 
structions . 

E. Pq'^IS* Sixteen bit word giving the last'X-Y address of the light 
pen. The format is the same as the input address, i.e., X is in " 
Pq-P^ with Pj. the MSB and Y is in Pq-P^c^ with P^g the ftSB. This 
output is valid except for 30nsec while being updated. No update 



is^ possible while SYNC is low. These outputs cfre three-state 



and are enabled one byte at a time using PXEN and PYEN, 



PXEN, PYEN. Active low inputs. that enable Pq-PjW and 
Pg-P^g' (Y) respectively. 



G. PEN HIT. This line goes , low when the light pen senses the 

electron beam. ' 



CIRCUIT OPERATION 



A simplified block diagram is shown in Figure 4; detailed schematics 
are shown in Figure 5. ^ ' . 

The* interface control mechanism spends most of its time addressing 
the 8K bytes of RAM to obtain the video information for the screen; Eight 
bits are pulled out every 1;33 microseconds and lo^ided into an 8 bit 
shift register IC 1. The data is then shifted out of this register at 
6 MHz, formed into dots, blanked if necessary,' inverted if the background 
bit is set, and then added to the sync s^ignals at the output of IC 21. 
The low 5 bits of the memory address are derived from the horizontal count- 
ing circuit consisting of the three 7416rs ICs 11 through 13. The 6 MHz 
signal is first divided by 8 at IC 13 to create ^he load logic, every eighth 
bit. This is then divided by 47 to generate the horizori.tal flyback and 
blanking logic- The two counters, IC 11 and 12 accomplish this division. 
The logic presets the counter to -47, During counts -39 and -38 the hori- 
zontal sync signal is generated and the screen is blanked for a count below 
-32. \ . ^ ^ 

The remaining address'is -derived from the vertical count^er^vrtvi^ 
divides the , horizontal sync signal by 26^in the 3 counters: JC 35,36, and 
37, The resulting output pulse is at 59.S199 Hz, sufficiently ^jear the . 
1 inej frequency to give negligible interference. The ten- counts above 256 
generate the vertical sync signal and additional blanking. .The 8 bits of 
vertical addres^ tha't are generated in this counting chain are added to a 

i - 4 ■ , . 

I 



6MHz. 



bl ank 




750kHz 



video 



j 8 bit 
I shif t req 



r 47 



>' 5 



8' 



data out' from' 
each tower 



'^select 



mux 



y 5 



mux 



15957.44 Hz 



Ijsync and blank 



59.999 Hz 



26*1 



I 



mux . 



hiaiL 



■y 



screen phy sical address 



181 



r5 



2102 
address 



193 



scroll 
register 

^ Jnc 

m— — dec 



^'3 



horiz',, II vert 




16 bit 
cursor 



select , de- Zi 

code£) 2102 enable 
lines 



i 



inc dec 



computer 
load ffddr 



r 



.de- 
code 
sel 

138 



un- 

cond ;-■ ) r/w lines 
2102 

zero Z" ^ 



.o 



F>.gure 4. TV Interface Block Diagram 
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scroll register which contains an arbitrary number whicfv ts incremented 
ojr decremented when each scroll! instruction is exeeut^. 

The TV interface includes a hardware cursor which contains the address 



of one bi-^t that may be- modified or read.' The address that is given to 
the RAMs. can be derived from either this cursor or from the/Counting chain 
as determined by the^ set mS^ul tiplexerS IC 6, 7, 30, and.>31 . The cursor 
resides in IC's 3,4, 25 and 26'. The multiplexing of the vertical address 
.is done before the scroll register is added so that the cursorx is only 
addressing a physical line number under which a pattern may be scrolled. 
The cursor can read into an individual bit by enabling only one of the 8 
read lines selected by the lowest three bits the cursor address. . This 
decoding is done iri.IC 10. When the screeen i5; cleared all the read/write 
lines are activated so that the screen can be cleared on one sweep (1/60 
of ^^ja^econd) . 

. The computer coimiand word is strobed in through IC 47 which synchro- 
nizes the data valid line to the internal clock. IC 48 selects which of 
the four possible commands are going to be executed. . If it is a crawl 
command the shift register, TC 44^ is used to sequence the operations 
tJiat can be performed in a single crawl command. The selectors'^IC 52 and 46 
select which half of the, sixteen bit command word is being utilized. The 
latch pair in'TC 49 is used when the sixteen bit command word is to be . 
interpreted as the absolute address of the cursor and activates the 
broadside load of^the cursor counters, IC 3, 4, 25 and 26. Crawl commands 
simply increment or decrement these counters and are timed by IC 40. 

The light pen generates a signal when the electron beam passes under 
a photo. diode. This is shaped into'a TTL signal and is use*d to latch ICs 



lb;'T7X41 and 42, IC 41 and 42 are simply tri -state latches that 
grab the v^tical position of the electron bqam when the light pen ^ 
.circuit hits, ICsVie.-and 17 are tri-state latched counters that 
^perform a sitnilar function. However, the output of the counting chain 
(ICS 11, 12 and 13) are not exactly the horizontal address. The 8554's, 
(ICS 16 and 17) do count the horizontal address and latch it when the pen 
hit line goes low, ^ ' > , ^ 

The memory is organized into an eight by eight mautrix by the^8 chip 
enable lines and the 8 read/write lines. Data in and address lines are 
common to all chips. There are 8 data-out lines which parallel the 
read/write lines and connect back to banks of 8 RAMS, only one of which 
enabled by the chip enable signal. The low 3 bits of the data address 
are decoded to enable one of 8 blocks of 8 memory chips, Inexpensjve 
I'MHz 2102*s can be used: eight ^re read simultaneously. 

INTERFACING 

Two typical computer hook-ups for the TV interface are described 
below for illustration. Users who follow these schemes will be able 
to easily use our software.' The computer used is a S-100 based micro- 
computer with 24K RAM running under a CP/M disk operating system. 

The first hook-up uses the IMSAI 4-PlO board. Two parallel 
output ports are used for a minimal configuration that permits use of 
the interface, but does not support all of its functions. Two ports 
are used, with bit assignments shown in Figure 6. In addition, an 
outboard circuit, shown in Figure 7 is required to generate a DATA 
VALID signal when the computer reads output data into- port 10. ^ " 
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Use of a 3P+S board, such as manufactured by Processor Technology, 
permits full use of the interface and^ in addition a keyboard, speaker, 



LED and serial . device. This board/can provide all the input/output 
functions required by the small computer system we have designed for edu- 
^cational use. Figures 8 and 9 show the complete I/O assignments for 
this computer including the T»V interface. - ^ 

\x\ both configurations, DATA VALID is generated when Port 10 is 
addressed, so it is imperative to have the desired data previously loaded 
into Port 11. We find it convenient to leave Port 11 zeroed for crawl 
commagds and issue commands, one at a time, to Port 10. ^ ^ 
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Figure 6. IMSAI 4-PlO 

Port and bit assignments 
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. ^ bS2 or DST = D51 and DS2 

By.lising the Al input on the 7^123 one shot, the DATA VALID 
signal is generated on the falling edge of DSl and DS2, at 
which time the data on the output ports is^table. 

Figure 7. Outboard DATA VALID Generator 
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Figure 8. 3P+S Input bit assignments 
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-CON^RUCTION . ' 

The interface, has been reduced to three PC boards which aire avail- ^ 
able at cost fror^'TERC. In additiorf to the boards , the components listed^^ 
in Table il are required.^ , ■ ' 

Tabje m and IV list the number and type of each component to aid 
in locating them on the boards. The following Figures "10 and 11 show the 
actual parts placement on boards A and B., Board C is simply filled with 
the sixty-four 2102 memory chips and the eight .1 uf bypass capacitors. 

Once populated, the boards need to be interconnected as described in 
the Wire Wrap List, Table V. The starred lines can be brought out^and 
^connected to the computer as suggested in the preceding section; The lights 
pen must be added as an extra feature. Until we perfect our t)wn design, 
we have been using a $50 pen made by Educational Data System of Virg^ia, 
Inc. (P.O. Box 2115, Newport News, VA 23602). Space for interfacing the 
light pen is provided on Board B. The circuit we use is shown in Figure 12. 
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Total Parts List ~^ideo Interface Boardi | 
Integrated Circuits 



Chip Number 

7400 

7402 

7404 
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. TABLE IV ; 
VIDEO INTERFACE 



•1 



Discrete Parts Plarcement 
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BOARD B 
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- . TABLE V 
JV INTERFAci PC INTERCONNECTI.ON 

. Wire Wrap. List 



Each of the three boards term,inates in 11 pins whkh are numbered 
in the standard way. For the TV interface to operate correctly, a number 
of these pins need to^be interconnected or brought our for external con- 

* nections. The connections diagrams (Table. V) on the following pages ] 
detail the conhections that need to be miade and the names of the signals . 

( that_^re brought-outvfor interfacing to the TV or the "computer.. TtTe 
Table shows, the destination of each wi^re from each pin. The desigrtation 
NC means no connection is necessary. 'For example, the first pin on Board A 
has no .Connection. The second pin on Board "A is connected to Board C, ' ; 
pin 34 and is Ay, the seventh address line of the on-board memory^ . The ^ 
fourth pin on Board A is connected to the 64th pin on Board B and' is D^; 
one of the wit-es which must be connected to the microcomputer to provide 
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Figure 12. ' Light Pen Interface on Board B 
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